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. This is the final report Development (LDRD) (LANL). The primary' o~jective of this project was to develop anh demonstrate a new type of time-of-flight mass spectrometer having a duty cycle of unity, which is a factor of 103-104better than conventional time-offlight spectrometers. The spectrometer concept was demonstrated, and an additional pre-filtration technique was developed and demonstrated. The two techniques are patents pending.
Background and Research Objectives:
Since J.J. Thomson The deflection is time-varying, so that the position at which an ion is detected correlates directly with the "start" time at which the ion entered the drift region (or, more specifically, with the time at which the deflection plates were set to the voltage that would send the ion to the detected position). Of course, the time that the ion hits the detector is the "stop" time.
The time-of-flight across the drift tube is therefore obtained and, therefore, so is the ion mass. Consequently, this ungated technique results in a duty cycle of unity (the beam entering the drift region is continuous).
A second technology developed as part of this project is a refocusing "Chicane" mass filter that can select a mass range to enter the time-of-flight region. This allows only ion masses within the selected range to enter the TOF section. For example, the mass of base molecules in most chemical weapons resides in a mass range of 200-500 arnu. For an air sample input into the mass spectrometer, the appropriate setting of the Chicane filter removes the dominant species from air (e.g., N2, AM and only allOWS masses in the range of 200-500 to enter the TOF section. This greatly enhances both the sensitivity, accuracy, and speed at which a measurement is obtained.
Importance to LANL's Science and Technology Base and National R&D Needs
Both ITOFS and the Chicane mass filter allow faster and more accurate measurements than conventional time-of-flight mass spectrometry. As such, these technologies cover a broad spectrum of applications requiring rapid, sensitive measurements of trace species using mass spectrometry. In particular, these technologies directly address Nonproliferation and Counterproliferation and Environmental Stewardship.
Scientific Approach and Accomplishments
The ITOFS and Chicane mass filter were both fabricated and successfully tested.
The following are descriptions of each of these technologies. In contrast to magnetic sector and quadruple mass spectrometers that typically measure and detect one or a few ion masses at a time, a time-of-flight mass spectrometer such as ITOFS typically measures a wide range of particle masses simultaneously. While this feature enables rapid acquisition of mass spectra, high sensitivity measurement of trace mass species is difficult due to (1) count rate limitations of the detector system, resulting in a majority of counts from abundant mass species and few counts from trace species, and (2) significant background from abundant mass species that can mask or produce large errors in trace species analysis. Gated TOFMS sometimes utilize a second gate near the end of the drift section to remove unwanted species from the measurement however, such gating requires sophisticated, precision electronics for timing of the pulse and duration of the pulse, and the gated scheme has a low duty cycle.
As an example, measurement of chemical and biological warfare (CBW) agents in a sample of air requires an extremely rapid detection and analysis in order to respond to the threat, and proper analysis requires detection of a variety of CBW agents and their dissociation (cracking) byproducts from the ion source. In an air sample having trace amounts of a CBW agent, a mass spectrum derived using TOFMS will contain mostly counts from basic atmospheric constituents in the mass range 1-50 amu (e.g., Nz, HZO, and Ar), whereas the targeted CBW agent lies within the mass range of 50-400 amu and will produce few counts.
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This measurement either provides rapid, low accuracy results or delayed, high accuracy results. The presence of major atmospheric constituents in the measurement (1) decreases the count rate of targeted species due to count rate limitations of the detector, and (2) introduces a noise background that can interfere with the measurement of the trace species.
We have developed an adjustable mass range filter, in which a user can select the low end and high end of a mass range that will be admitted into the drift section of a timeof-flight mass spectrometer. Therefore, when looking for airborne chemical or biological warfare agents, the sample can be directly input into the ion source, and the filter an be adjusted to reject air species (masses 1-50) and accept heavier ions characteristic of the agents of interest.
The Chicane mass filter consists of 4 dipole magnets with polarities as shown in 
